A b s t r a c t Introduction: Pustular palmoplantar psoriasis (PPP) is a rare type of psoriasis affecting mainly distal parts of the limbs. Despite numerous theories about etiology of PPP, the pathogenesis still remains unclear. Recent data indicate that interleukin (IL)-15, IL-17 and IL-22 enhance a proinflammatory response in certain skin inflammatory diseases such as psoriasis and atopic dermatitis. There is also evidence that anti-endomysial (anti-EMA) and anti-gliadin (AGA) antibodies are engaged in PPP development. Aim: To assess IL-15, IL-17, IL-22 serum levels and evaluate the presence of anti-endomysial and anti-gliadin antibodies in patients with PPP. Material and methods: The study group consisted of 20 females of the mean age of 51.8 suffering from PPP. Additionally 29 healthy individuals, age and sex matched, served as controls. ELISA was performed to evaluate serum IL-15, IL-17, IL-22 concentrations while an indirect immunofluorescence test (IIF) was used to determine anti-EMA and AGA presence. Results: The mean value of IL-15 and IL-22 serum concentrations was significantly higher in the study group than in the control group (IL-15: 6.48 vs. 4.88 pg/ml; IL-22: 81.47 vs. 4.90 pg/ml, respectively; p < 0.05 for all comparisons). The IL-17 serum level in the study group was higher when compared to the control group (2.0 vs. 0.75 pg/ml), however the results were not statistically significant (p = 0.26). There were no anti-EMA and AGA antibodies detected, both in the control and study group. Conclusions: The results obtained may suggest involvement of IL-15 and IL-22 in the pathogenesis of PPP.
Introduction
Plaque psoriasis is a chronic and recurrent inflammatory skin disease affecting 2-3% of the European population [1, 2] . Pustular palmoplantar psoriasis (PPP) is a less frequent type of psoriasis with different genetic background [3] . Typical signs of PPP include sterile pustules located on the red skin affecting palms and soles. Skin lesions are painful and rarely disseminated. The prevalence of PPP, like other immune-mediated diseases is much more frequent in the female population [4] . It is suspected that intensity of skin lesions positively correlates with serum anti-gliadin antibody (AGA) and anti-transglutaminase antibody (TGA) levels [5, 6] . The relation between psoriasis and other immune-mediated diseases like rheumatoid arthritis and inflammatory bowel diseases is well established in the literature. In the pathogenesis of psoriasis, immunological factors are playing a key role. An increased serum level of several proinflammatory cytokines, such as interleukin (IL)-15 [7] , IL-17 [8] and IL-22 [9] was found in certain studies. There is increasing evidence that IL-17 regulates inflammatory response in psoriasis, induces production and release of several cytokines, such as IL-6, granulocyte-colony stimulating factor (G-CSF), IL-1β, transforming growth factor (TGF)-β and tumor necrosis factor (TNF)-α, chemokines (IL-8, GRO-α, and MCP-1) and prostaglandins from fibroblasts, endothelial cells, keratinocytes, epithelial cells and macrophages [10, 11] . Interleukin 17 serum concentration is increased in many autoimmune diseases, for example rheumatoid arthritis, lupus erythe-matosus, asthma, transplant rejection and in psoriasis [12] . Interleukin 22 stimulates proliferation of keratinocytes. The interaction between IL-22 and IL-17 results in activation of proinflammatory cytokines and chemokines and increases vascular endothelial growth factor (VEGF) production from keratinocytes [13] . Interleukin 15 participates in chronic inflammatory response, promotes leukocyte growth and is a potent inhibitor of lymphocyte apoptosis [14] .
Aim
Few data on the pathogenesis of pustular palmoplantar psoriasis, especially proinflammatory serum cytokine levels and presence of specific autoantibodies were the reason why we aimed to assess certain immunological factors in patients with PPP [15] .
Material and methods

Study group
The study consisted of 20 female patients of the mean age of 51.8 (range: 50-70 years old), suffering from pustular palmoplantar psoriasis, which was confirmed by histological examination. We decided to perform the study only on females, because of a higher prevalence of PPP in females and to eliminate sex-related bias. Additionally 29 healthy individuals, age-and sex-matched, served as the controls. Patients were included into the study based on the physical examination and medical history. Patients who were receiving topical treatment in the past 2 weeks and systemic treatment in the past 2 months, pregnant women and individuals with concomitant diseases were excluded from the study. Signed informed consent was taken from all the patients and controls before enrollment to the study.
Methods
Blood samples were collected in order to assay the serum concentration of IL-15, IL-17, IL-22, anti-endomysial and anti-gliadin IgA antibodies. All the samples were taken in the active stage of disease. ELISA was performed to evaluate serum IL-15, IL-17, IL-22 concentrations (R&D Systems Europe Ltd. Abingdon, United Kingdom) while an indirect immunofluorescence test (IIF) was used to determine EMA and AGA levels (Euroimmun Medizinische Labordiagnostika AG, Luebeck, Germany).
Statistical analysis
For statistical analysis the Shapiro-Wilk test and Mann-Whitney U test were applied, and arithmetic mean, standard deviation, median, lower and upper quartile were calculated. To measure the possible statistical relation between two variables, Spearman's rank correlation coefficient was used. Values of p < 0.05 were considered statistically significant.
Results
The serum concentration of all cytokines was higher in the study group in comparison to healthy controls. The IL-15 serum concentration mean and median values were notably higher in the study group (6.48 ±2.82, median: 5.95) than in the control group (4.88 ±0.6, median: 4.86, p = 0.000137 for all comparisons). The same tendency was observed in IL-22 assay results (81.47 ±175.24 and median 26.35 in the study group vs. 4.9 ±4.44 and median 3.79 in the control group, p = 0.000001 for all comparisons). The concentration of IL-17 in the study group (2.0 ±4.13 and median 0.0), compared to the control group (0.75 ±1.72 and median 0.0) was higher, however the results were not statistically significant (p = 0.41, for all comparisons). All interleukin concentration values are expressed in pg/ml. There were no anti-endomysial (EMA) and anti-gliadin (AGA) antibodies detected, both in the control and study group. Detailed results are shown in Table 1 , Figures 1 and 2 . 
A. Lesiak, I. Bednarski, M. Pałczyńska, E. Kumiszcza, M. Kraska-Gacka, A. Woźniacka, J. Narbutt psoriasis vulgaris and generalized psoriasis pustulosa (GPP), so we could compare our results only with these data. Interleukin 15 is secreted by mononuclear phagocytes, structurally similar to IL-2 and leads to proliferation of NK-cells, activation of T-cells and induces TNF-α and IL-17 production [16, 17] . Interleukin 15 influences angiogenesis, neutrophil and macrophage recruitment and acanthosis [16] . It is proven that dysregulation of IL-15 expression is occurring in patients with rheumatoid arthritis, inflammatory bowel diseases, coeliac disease and psoriasis. In our study, we revealed for the first time the higher serum concentration of IL-15 in PPP patients, what suggests the pathogenic role of this cytokine in the entity development. Interleukin 17 is an interleukin produced by Th-17 cells, which were identified as CD4-positive T-cell subset implicated in the pathogenesis of psoriasis [18] . It is involved in the proinflammatory response, stimulating the production of many other cytokines (IL-6, G-CSF, IL-1β, TGF-β and TNF-α), chemokines (IL-8, GRO-α, and MCP-1) and prostaglandins [10, 19] .
Our study revealed a difference in IL-17 levels between patients and controls, but it turned out to be statistically insignificant. In the research carried out by Yilmaz et al. [19] , the IL-17 levels in patients with pustular psoriasis were significantly higher than in the control group and other subgroups (guttate psoriasis and plaque psoriasis). Results obtained by Kakeda et al. [8] were similar, revealing differences in IL-17A/F expression between GPP patients and the control group. Moreover, neutrophils were identified as the main source of IL-17A/F in pustules. Six cases of GPP analyzed by Yamamoto et al. [15] suggested a positive correlation between IL-17 levels and GPP score. Although we found no statistically relevant differences in the IL-17 serum level between the patients and the controls, we may assume that its higher concentration in the patients points out its potential pathogenic role. Interleukin 17 is becoming also a novel therapeutic aim in psoriasis treatment. A clinical trial conducted with the use of secukinumab, a monoclonal antibody against IL-17A, revealed normalization of skin histology and regression of skin lesions, indirectly proving involvement of IL-17 in psoriasis [20] .
Interleukin 22 cytokine is produced by Th17 cells together with IL-17, enhancing the proinflammatory response and stimulating the proliferation of the keratinocytes [9, 13] . It is involved in a variety of skin inflammatory processes, such as psoriasis and atopic dermatitis [13, 21] .
We revealed the elevated IL-22 serum level in the patients. This result corresponds with the publication by Yamamoto et al. [15] in which the IL-22 serum level correlated with the activity of generalized pustular psoriasis (GPP), white blood cells counts (WBC) and C-reactive protein (CRP) levels. Moreover, it decreased after treatment in parallel with the GPP score [15] . This observation was also made by Shimauchi et al. [9] who showed elevated IL-22 along with Figure 1 . Serum concentration of IL-15 in the study and control group. Mann-Whitney U test was performed to evaluate differences between the control and study group. Box-plot shows mean, median, upper and lower quartile, minimum and maximum values 
Discussion
The role of IL-15, IL-17, IL-22, AGA and anti-EMA antibodies has been hardly explored in the context of pustular palmoplantar psoriasis. Most of the publications concerned the relation between these cytokines and prevalence of VEGF and correlation with PASI score and a significant IL-22 decrease after biological treatment. Our results showed for the first time the role of IL-22 in PPP development.
Due to a common pathogenic background of coeliac disease (CD) and psoriasis, a possible relationship between these two diseases has been suggested [22] . There have been publications confirming a higher prevalence of antibodies characteristic of CD among psoriatic patients, mostly anti-gliadin immunoglobulin, anti-endomysial IgA antibody, anti-transglutaminase IgA antibody and antireticulin antibodies. The correlation between AGA serum expression and duration of psoriasis was pointed out. It also seemed to be more characteristic of patients with a stationary course of the disease [23] . We focused on anti-gliadin and anti-endomysial antibodies, but they were absent in both patients and control group. Research concerning Italian [24] and Kashmir population [25] suggests that there may be some genetic differences between populations as in these studies no correlations between AGA and the prevalence of psoriasis were found.
Conclusions
Based on our results we may conclude a potential role of IL-15 and IL-22 in the development of pustular palmoplantar psoriasis in Polish women patients. To our knowledge, this observation is made for the first time in the literature. We hope that in the near future new investigations on the larger study population will bring more details and lead to invention of new therapeutic regimens.
